INTRODUCTION
Elastic properlies of high-performance ceramies is usually measured with ultrasonic bulk waves [1] . However, the bulk waves gives us only properties averaged over sample thickness. Sintered ceramies often have properlies at the surface different from in the middle. Thus we need a method which distinguishes near surface properly from the averaged one. Surface wave technique has been applied for nondestructive characterization of ceramies [2] [3] [4] . The depth-dependent properlies of ceramies, however, has never been reporled. Surface wave propagates in subsurface layer of about one wavelength. Therefore we'll be able to estimate the depth-dependent properlies of the ceramics, if we'll . use surface waves of different frequency or wavelength.
In the present paper, we aim to estimate the subsurface structure of sintered Si~4 ceramies having various porosity, based on velocity measurement of the leaky surface wave of frequency 36, 195 and 440MHz. Fig,l is a plot of the received signal Ievel as a function of the defocus distance, Z, between the sample surface and the Jens. Namely, the burst waves of the specular reflection, which propagates along the path #A in Fig.2 , and the mode converted surface wave along the path #B, are superposed at every Z, then we obtain a peak signal of the interference as a function of Z. With the periodicity AZ which is the oscillation interval of the V(Z) curve, we can calculate the leaky surface wave velocity [5] by
where, V w and f are the sound velocity in water and operating frequency.
Time Domain Analysis with a Focused PVDF Transducer
When we excite a PVDF focused transducer by a square wave or spike, we obtain the signals of the specular reflection and the leaky surface wave on time domain as shown in Fig.3 . The time delay between the specular reflection and surface wave [ 6] where 8 is the critical angle for the leaky surface wave. The leaky surface wave velocity is calculated (6,7) with Snell's law and Equation (2). 
EXPERIMENTAL PROCEDURE
The chemical composition of the silicon nitride sample are Si 3 N 4 :92%, Yp 3 :6% and Alp 3 :3%. The porosity of the sarnple was controlled from 0.6% to 6.5% by selecting the sirrtering temperature. The sarnple of porosity 0.6% was made by HIP, but others were sintered under inert gas atrnosphere. The sample size is 60x60x10mrn. The surfaces were ground up to maximum roughness of 11Jlll. Table 1 shows the density measured by Archimedes' method as well as the longitudinal and transverse velocities measured at 5MHz.
Velocity Measurement of Leaky Surface Wave with SAM (8)
To measure precisely the leaky surface wave velocity, we have made some modification on a commercially available SAM, Olympus UH-3. Namely the defocus .. distance, Z, was monitared by a displacement sensor of which resolution is 0.2flm and it was averaged 8 times. The received signal by the acoustic lens, V, was also averaged 8 times. The sample was immersed in a water bath and the temperature variation of water was controlled within 0.02K. The block diagram of the modified SAM is shown in Fig. 4 . Thus, we can obtain V(Z) curves of less variation.
In addition, a new digital signal processing has been applied for the V(Z) curves to finding out precise values of fl.Z. Namely, the extremely high and extremely low frequency components in V(Z) curves were eliminated with FIT and IFIT. In particular, extremely low frequency component shown by the dashed line in Fig.l, so called "background", was estimated by nonlinear curve fitting. Thereafter, integral numbers of half-sine or -cosine waveforms were extracted from V(Z) curves. With them, precise values of fl.Z are calculated by FIT with 8192 points.
Velocity Measurement of Leaky Surface Wave with Focused PVDF Transducer (9] The leaky surface wave velocity in low frequency range was measured with the digital measurement system shown in Fig.5 . The nominal frequency, focal length, angle of aperture and element length of the PVDF line-focused transducer are 36MHz, 5mm, 90deg. and 8mm, respectively. The pulser/receiver and A/D converter board used are Panametrics 5900PR and SONIX STR-8100. Great care was taken to keep the transducer perpendicular to the sample surface, namely the transducer was mounted on a swivel table which has angular resolution of 0.002 deg. With monitaring the change in the received energy of higher order specular reflection as a function of tilting of the sensor, we have succeeded in keeping the uprightness of the transducer to the sample surface within 0.02 deg. The wave form of the specular reflection and surface wave were digitized at sampling rate of 800MS/s and 256 waveforms were added into the computer memory. The time delay in Equation (2) The variation of the leaky surface wave velocity measured at 195MHz is shown in Table 2 for 5 measurement at the same point. The relative variation is less than 0.02%. However, the velocity changes within 20m/s at different points, as shown in Fig.6 . Inhomogeneity of the surface may cause this velocity variation due to micro pores.
The averaged velocity over 8 measurements is plotted in Fig. 7 as a function of porosity. Apparently VLSw at 440MHz is higher than that at 195MHz. The difference is much greater at higher porosity. The V LSw measured by the PVDF focused transducer at 36MHz is much lower than those at 195 and 440MHz. The velocity at 36MHz is by 300m/s lower than that at 440MHz.
The black dots in Fig.7 denote the Rayleigh wave velocity, VR, calculated by a 6 -8a 4 +(24-16ß 2 )a 2 -16(1-ß 2 )=0 a=VR /Vp ß=VT /VL (4) with the bulk velocities measured at 5MHz shown in Table 1 . The measured velocity is very close to the calculated for every porosity. If we make the correction due to water loading [10] , the measured and calculated velocities of the leaky surface wave agree within 0.1%. This means that the VLSw at 36MHz is correlated to the bulk properties. In other words, the surface properties change within the surface layer of which thickness is less than O.lmm. Fig.8 , the dispersion relation of the leaky surface wave is shown as a function of wavelength. At every porosity, the velocity decreases with a increase in the wavelength. As mentioned before, V LSw measured at 36MHz corresponds to the bulk velocities measured at 5MHz, therefore near surface structure may be different from that in the middle.
Microhardness is plotted in Fig.9 as a function of the distance from the surface. Apparently, the hardness is higher near the surface. The void distribution is shown in Fig.10 at near surface and in the middle for sample of porosity 6.5%. Many voids are observed in the middle, however, a few voids are in subsurface. Thus, inhomogeneaus void distribution may result in the surface wave dispersion.
CONCLUSION
The velocity of leaky surface wave of the sintered silicon nitride has been measured with a scanning acoustic microscope at 195 and 440MHz as well as time domain analysis with a PVDF focused transducer at 36MHz. The velocity measured at 440MHz is much higher than that at 36MHz. The laUer is very close to the calculated Rayleigh wave velocity with bulk velocities measured at 5MHz. The velocity difference may be explained by the low porosity at near surface.
The surface wave velocity measurement at different frequency is very effective means to evaluate nondestructively depth-dependent intemal structure.
